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A series of representative a-  a n d  7 -methy la ted  heteroaromatic azines a n d  diazines were acy lated w i t h  benzo- 
ate, tr i f luoroacetate, n icot inate,  oxalate, a n d  ph tha la te  esters us ing sodium hyd r ide  as the  condensing agent to  
af ford heteroary lmethy l  ketones, e t h y l  heteroarylpyruvates, a n d  2-heteroaryl-1,3-indandiones, respectively. 
Rates of acylat ion of quinald ine,  as determined b y  hydrogen-evolut ion measurements, were shown to  be  i nde -  
pendent  of alkox ide concentrat ion, but dependent u p o n  b o t h  t h e  concentrat ion a n d  po la r i t y  o f  t h e  carbonyl  
group of t he  acy lat ing ester. These results are a t t r i bu ted  t o  accelerated ion izat ion of a la tera l  p r o t o n  f r o m  a 
complex i nvo l v ing  ester a n d  heterocycle. 

Acylations of methylated heteroaromatics to afford ke- 
tones can be accomplished by initial lateral metalation of 
the heterocycle with a strong base, followed by treatment 
of the resulting carbanionic intermediate with an ester.2 
Essentials of the generally accepted mechanism for such 
reactions are illustrated in Scheme I by the acylation of 
quinaldine (1) with methyl b e n ~ o a t e . ~  On the basis of ex- 

tensive studies by Levine and coworkers, alkali amides or 
alkali salts of certain dialkylamines currently appear to  be 
the most satisfactory reagents for effecting these conden- 
s a t i o n ~ . ~  Organolithium reagents have found some utility 
with heterocycles that are not susceptible to nucleophilic 
addition,5 while alkoxides have been used in several in- 
stances where the acidity of side-chain protons is en- 
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Table I 
Acylation of Methylated Heteroaromatics to Form Ketones and 0-Keto Esters 6a 

r- _________I_ Produet _-_________- 
No. Het R Mp or bp, OC (mm) Yield, 70 Rxn time, hr Recrystn solvent 

6a 
6b 
6c 
6d 
6e 
6f 
6g 
6h 

6i 

6k 
61 

6j 

2-Quinolyl 
2-Quinolyl 
4-Quinolyl 
2-P yridyl 
4-Pyridyl 
2-Pyrazyl 
2-Quinoxalyl 
3-Methyl-2- 

quinoxalyl 
2-B enz oxaz olyl 
2-Quinoxalyl 
2-Quinoxalyl 
3-Methyl-2- 

quinoxalyl 

119-120b 
163-164' 
116-117d 
190-192e (7) 
115-116' 
80-828 

152-153h 
125-126'~i 

133-135k 
150-152' 
164- 165" 
126-128" 

93 
72 
98 
92 
92 
80 
82 
52 

78 
79 
72 
88 

18 
8 

48 
48 
48 
8 
2 
'I 

4 
1 
4 
4 

70% EtOH 
EtOH 
i-PrOH 

Benzene 
DMF 
EtOH 
Hexane 

i-PrOH 
95% EtOH 
Heptane 
50% EtOH 

a Acylating esters were methyl benzoate, methyl p-chlorobenzoate, ethyl nicotinate, ethyl trifluoroacetate, and diethyl 
oxalate. Lit.2b mp 114-116'.  anal. Calcd for CI7HlzC1NO: C, 72.47; H, 4.26; N, 4.97. Found: C, 72.52; H, 4.20; N, 4.78. 
d Lit.2b mp 115". e Lit.2b bp 150-160O (3-4 mm). ' Lit.5d mp 112-113". 0 Lit.6~ mp g2-83'. * Anal. Calcd for Ci~Hi2N20: C, 
77.42; H, 4.84; N, 11.29. Found: C, 77.59; H, 4.97; N, 11.19. 1 mp 125.6-126.5'. 1 Diphenacyl derivative 7a (32%) was 
isolated from this reaction, mp 205-207" (M2* mp 204.5-205.2"). K Anal. Calcd for C14H10N202: C, 70.59; H, 4.20; N, 11.76. 
Found: C, 70.84; H, 4.17; N, 12.04, 1 Anal. Calcd for CllH7F3N20: C, 55.0; H, 2.94; N, 11.67. Found: C, 55.21; H, 2.69; N, 
11.80. m Lit. mp 162O: N. J. Leonard and J. H. Boyer, J .  Amer. Chem. SOC., 77, 2980 (1950). Lit. mp 129': G. M. Bennet and 
G. H. Willis, J .  Chem. SOC., 1928 (1960). 

hanced by N-oxide,S nitro,7 and carboalkoxya functions or 
a second h e t e r ~ a t o m . ~  

Scheme I 

C,H,CO,CH, - 
N CH3 

1 2 

3 4 

However, even with amide bases, these acylations suffer 
from an inherent disadvantage in that carbanions such as 
2 usually abstract a methylene proton from intermediates 
of type 3, to form weakly basic carbanions 4, more rapidly 
than they react with ester, Thus, when a 1:1:1 molar ratio 
of heterocycle to base to ester is employed, only one-half 
of the heteroaromatic and ester are consumed. Attempts 
to circumvent this problem by using an extra equivalent 
of base have met with limited success owing to  the ten- 
dency of many commonly employed bases to react with 
the acylating agent.1° Consequently. these condensations 
are routinely carried out with a 2 2 1  molar ratio of heter- 
ocycle to base to ester. Although such procedures increase 
the efficiency of ester consumption, a molecular equiva- 
lent of starting heterocycle remains unchanged, and must 
be removed from the desired product. Moreover, if the 
heterocyclic reactant is precious, the disadvantage of such 
a sequence is obvious. 

I t  seemed to us that the key to overcoming the unfavor- 
able stoichiometry of these acylations, especially those 
utilizing esters having no a hydrogens, might be found in 
the use of sodium hydride as the condensing agent. This 
was based on the fact that sodium hydride is a strong 
base, but weakly nucleophilic,ll and might therefore be 
used in excess without attacking either the ester carbonyl 
or the nucleus of the heterocyclic substrate. In spite of 
such potentially favorable properties, sodium hydride has 
been rarely employed in the acylation of alkylated hetero- 
aromatics,12 perhaps because of reports that  weakly acidic 
heterocycles such as a-  and y-picoline and quinaldine (1) 

give little or no evidence of salt formation with sodium 
hydride in DMF,13 THF,14 or HMPA.15 

We now wish to report that  sodium hydride is a very 
effective base for acylations of a variety of methylated 
heteroaromatics, and that the mechanism of one such 
reaction is more complex than the series of steps shown in 
Scheme I. 

Results and  Discussion 

Synthetic Applications. In accord with results of other 
i n v e ~ t i g a t o r s , l ~ - ~ ~  we observed that less than 0.5 molar 
equiv of hydrogen was generated upon treatment of quin- 
aldine (1) with excess sodium hydride in refluxing 1,2- 
dimethoxyethane (DME) for 18 hr. However, addition 
of a mixture of 1 and methyl benzoate (1:1.2 molar ratio) 
to excess sodium hydride in refluxing DME resulted in ev- 
olution of 2 molar equiv of hydrogen in 18 hr, and 2-phe- 
nacylquinoline (6a) was produced in 93% yield based on 1. 
The generality of this procedure was demonstrated by ac- 
ylations of a representative series of methylated heteroar- 
omatics ( 5 )  with benzoate, picolinate, trifluoroacetate, 
and oxalate esters to afford ketones 6a-j and a-keto esters 
6k,l. Results of these experiments are summarized in 

0 
~ C H ,  WO& @CH?(IR II  + Z H ~  

5 6 

Table I, where it may be seen that yields of acylated 
products were quite satisfactory. Reaction times necessary 
for complete hydrogen evolution varied with acidity of the 
heterocyclic substrate and nature of the acylating ester. 
For example, reaction of methyl benzoate with 2-methyl- 
quinoxaline to give 6g was essentially complete after 2 hr, 
while acylation of a-picoline with the same ester to give 
6d required 48 hr for complete hydrogen evolution. Reac- 
tion of 1 with methyl p-chlorobenzoate to afford 6b pro- 
ceeded significantly faster than the analogous acylation of 
1 with methyl benzoate. 

Twofold acylations of 2,3-dimethylquinoxaline with ex- 
cess methyl benzoate and diethyl oxalate gave 7a and 7b, 
respectively. However, 2,g-lutidine underwent mainly 
monobenzoylation to afford 8 (39%) accompanied by only 
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Table I1 
Acylation of Methylated Heteroaromatics wi th  Diethyl Ph tha la t e  

No. Het MP, " C  Yield, LTO 
I 

10a 2-Pyridyl 295-296" 44 
10b 4-P yridyl 323-324' 72 
10c 2-Quinolyl 242-243' 78 
10d 4-Quinolyl 318-31gd 82 
10e 2-Pyrazyl 3 13-3 14 e 93 
10f 2-Quinoxalyl 309-310' 65 
log  3-Methyl-2- 224-2258 64 

10h 2-Benzothiazolyl 363-364h 78 
quinoxalyl 

Rxn time, hr Recrystn solvent 

60 95% EtOH 
80 95% EtOH 
18 Benzene 
24 95% EtOH 
15 MeOH 
7 HOAc 
7 EtOH 

2 DMF 

0 Lit.16b mp 292'. b Lit.16b mp 326'. c Lit.18 mp 238-239'. d Anal. Calcd for ClaH11NOy: C, 79.12; H, 4.03; N, 5.13. Found: 
Anal. Calcd for C17H1,N:Ol: C, 74.45; H, 3.65; N, 10.22. Found: C, 74.62; 

Lit. mp >320": 
C, 79.40; H, 4.03; N, 6.11. 8 Lit.]' mp 309-310'. 
H, 3.72; N, 10.35. 0 Anal .  Calcd for Cl5HI2NZO2: C, 75.0; H, 4.17; N, 9.72. Found: C, 74.76; H, 4.05; N, 9.90. 
P. Jacobson, Ber., 21, 2630 (1888). 

6% of diphenacyl derivative 9 upon prolonged treatment 
with excess methyl benzoate. 

II 8 
0 

9 

Reaction of diethyl phthalate (DEP) with a series of 
methylated heteroaromatics afforded 2-heteroaryl-1,3- 
indandiones 10 in good yields (Table 11). Previous synthet- 

0 

10 

ic methods leading to compounds 10 have involved con- 
densations of heteroaryl aldehydes with phthalides,16 
reaction of heteroarylacetic acids with phthalic anhy- 
dride,17 and treatment of 1,3-indandiones with azine N-  
oxides in the presence of acetic anhydride.18 In instances 
where comparisons can be made, the present yields are 
comparable to or better than those obtained in such syn- 
theses. The sodium hydride method is also attractive be- 
cause of the ready availability of starting materials. 

Several limitations discovered in the present synthetic 
endeavors are worthy of note. For example, P-picoline 
failed to undergo appreciable acylation with either methyl 
benzoate or DEP. Thus. it  would appear that methyl 
groups p to an azomethine function will be acylated with 
difficulty by this method, whereas reactions a t  0- and y- 
methyl groups occur readily (Tables I and 11). Attempted 
reaction of a-picoline with n-propyl nitrate failed to yield 
any of the expected oxime.i2b 2-Methylbenzimidazole was 
recovered unchanged following treatment with methyl 
benzoate and excess sodium hydride. In this case, initial 
ionization of the nuclear NH proton apparently reduces 
the acidity of the methyl protons to the point where sodi- 
um hydride cannot effect their removal. 

Mechanistic Studies. As pointed out in the previous 
section, the rate of hydrogen evolution observed upon 
treatment of 1 with sodium hydride in DME increased 
rapidly when methyl benzoate was present in the reaction 
mixture. Of ocurse, this would be expected to some degree 
since reaction of carbanion 2 with ester should form ke- 
tone 3, which would then lose a methylene proton to gen- 
erate carbanion 4 and release an equivalent amount of hy- 
drogen. If formation of 2 were the rate-determining step, 
as it appeared to be on the basis of results with sodium 
hydride alone, then the rate of hydrogen evolution in the 
presence of ester should never be greater than twice that 
observed in its absence. This twofold maximum should 
likewise not be exceeded in the presence of excess ester. 
Comparisons of the rates of hydrogen release obtained by 
treating 1 with sodium hydride alone, with sodium hy- 
dride and 1.2 equiv of methyl benzoate, and with sodium 
hydride and 2.4 equiv of methyl benzoate clearly demon- 
strated that the rates of hydrogen production in the pres- 
ence of ester exceeded the expected twofold increase. 
Moreover, the rate of hydrogen evolution was obviously 
related to ester concentration (Figure 1). 

It has been shown that certain Claisen-type condensa- 
tions employing sodium hydride proceed best in the pres- 
ence of a catalytic amount of alcohol. In these instances 
alkoxide is probably the ionizing base, and sodium hy- 
dride serves mainly to force the reaction to c ~ m p l e t i o n . ~ ~  
It seemed possible that methoxide ion, which could be 
generated either by reaction of methyl benzoate with 
carbanion 2 or reaction of sodium hydride with traces of 
methanol present in the ester, might be responsible for 
the increased rate of hydrogen evolution observed with 1 
and methyl benzoate. Comparison of the rates of hydrogen 
evolution obtained upon treatment of 1 with sodium hy- 
dride alone, and with sodium hydride in the presence of 
either 10 or 100 mol % of sodium methoxide, revealed that 
methoxide did not increase the rate of hydrogen produc- 
tion. Therefore, the rapid hydrogen release in the presence 
of methyl benzoate cannot be caused by alkoxide. 

In an attempt to explain why only 1 equiv of hydrogen 
was evolved when certain diketones were treated with ex- 
cess sodium hydride, while an additional 2 equiv was pro- 
duced upon addition of an aromatic ester. Hauser and CO- 

workers20 postulated an intermediate such as 11. I t  was 

k.. ,Na 
H 

H..,H,Na 

11 12 
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0 2 4 6 8 IO 

Time, hr 

Figure 1. Effect of methyl benzoate concentration on the rate of 
hydrogen evolution from 1 (0.025 mol) in the presence of excess 
sodium hydride: 0,  without methyl benzoate; 0, with 0.03 mol of 
methyl benzoate; A ,  with 0.06 mol of methyl benzoate. 

proposed that coordination of sodium with ester carbonyl 
might increase the basicity of hydride ion, thereby facili- 
tating abstraction of a methyl proton to form a terminal 
carbanion in close proximity to the electrophilic site of 
the ester. A similar species, 12, could be imagined for 1, 
sodium hydride, and methyl benzoate. If such complexa- 
tion were important it appeared that the role of metal as 
a mechanistic component might be probed by using lithi- 
um hydride. Although lithium hydride is a weaker base 
than sodium hydride, the greater tendency for coordina- 
tion expected of lithium might compensate for differences 
in basicity.21 Comparable reaction rates for these two 
bases would then provide strong evidence for the existance 
of such a coordinative mechanism. However, acylation of 
1 with methyl benzoate and lithium hydride proceeded so 
much slower than the sodium hydride reaction that only 
24% of the theoretical amount of hvdrogen was evolved 

IO 

0 

N 

' 6  X 

E 
- 
Y 

N 

= 4  

2 

0 
0 2 4 6 0 IO 

T ime,hr  

Figure 2. Effect of acylating ester on the rate of hydrogen evolu- 
tion from 1 (0.025 mol) in the presence of excess sodium hydride: 
0, of methyl benzoate (0.03 mol); 0, methyl p-chlorobenzoate 
(0.03 mol); A ,  ethyl trifluoroacotate (0.03 mol). 

Although the results with lithium hydride do not defi- 
nitely rule out a mechanism involving metal complex 12, 
we feel that a more attractive explanation of the role of 
ester might involve interaction between ester and hetero- 
cycle in a preionization event. It is suggested then that a 
complex such as 13 is formed prior to ionization and that 

1 + C&CO&H3 ==+ mcH3 
I dl+ 

c ~ H ~ -  4 - OCH, 
II 
O 6f 

13 

the resulting electron deficiency at  ring nitrogen facili- 
tates ionization of a methyl hydrogen in a manner similar 
to that observed upon quaternization of 1.22 Complexes 
related to 13 have been proposed to account for changes in 
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the pmr spectra of amides upon addition of pyridine,23 
shifts in the electronic spectrum of pyridazine in the pres- 
ence of b e n z o p h e n ~ n e , ~ ~  and the rapid rate of which P -  
keto alcohols effect displacement of halide from 2-halopy- 
ridines.25 As a test of this mechanism we examined the 
rates of hydrogen evolution accompanying acylations of 1 
with methyl p-chlorobenzoate and ethyl trifluoroacetate, 
anticipating that the more positive carbonyl groups of 
these two esters would favor complex formation. If this 
occurred, the rates of hydrogen release should exceed the 
rate observed with methyl benzoate. The indeed proved to 
be the case, as shown in Figure 2, where it may be seen 
that the reaction with trifluoroacetate was greater than 
60% complete after only 1 hr. It should also be noted that 
excess methyl benzoate should favor formation of complex 
13, thereby increasing the rate of hydrogen evolution as is 
observed. Thus, the course of the sodium hydride promot- 
ed benzoylation of 1 uia complex 13 appears to be consis- 
tent with our experimental findings. It is also possible 
that acylations of P-diketone monoenolates in' the pres- 
ence of excess sodium hydride might also involve similar 
complex formation prior to removal of a terminal methyl 
proton, since the rates of such reactions are dependent on 
ester concentration.20 
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Hydrogen  sulf ide reacts w i t h  2,3-dihydropyran t o  f o r m  2- te t rahydropyranth io l  (1). 1 has been shown t o  be a 
usefu l  reagent for  d i rect  i n t roduc t i on  of a protected mercap tan  i n t o  a var ie ty  of organic compounds. A d d i t i o n  
reactions under  i on i c  a n d  free-radical condit ions a n d  d isp lacement  reactions have been studied. Subsequent 
faci le cleavage u t i l i z i n g  neu t ra l  aqueous si lver n i t ra te  fol lowed b y  t rea tmen t  of t he  mercapt ide with hydrogen 
ch lor ide gave the desired mercaptans. 

2,S-Dihydropyran reacts with aliphatic and aromatic 
hydroxyl or sulfhydryl groups under acidic conditions to 
form alkyl or aryl tetrahydropyranyl ethers2 or  sulfide^,^ 
respectively. These cyclic acetals and monothioacetals are 
readily hydrolyzed, in most instances, under mild acid 
conditions to yield the free alcohol or mercaptan. 

It seemed possible that the same protected thiol func- 
tion might be prepared directly by addition of 2-tetrahy- 
dropyranthiol (1) to multiple bonds or by appropriate dis- 
placement reactions. Of perhaps greatest interest was the 
possibility of preparing derivatives of otherwise unstable 
tautomers such as enethiols or thioimidates. Although our 


